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Abstract: Flooding river is one factor that caused the flooding. In South Sulawesi, including the District Tamalanrea, 
floods occur almost every year, this is because the condition of the River Tello could no longer accommodate the 
volume of water discharge and sediment transport due to the influence of river flow from upstream. Therefore 
conducted an analysis of "design flood discharge analysis at Tello River in Makassar City of South Sulawesi" in 
order to find out how much the ratio of design flood discharge prior to discharge flood analysis, using the 
calculation method of Nakayasu, to be expected after the design flood discharge obtained , then the value can be 
used in the calculation of the plan further improvements in water management systems around the river to control 
flooding on the river in Tello. The magnitude of the flood discharge obtained by the calculation method of 
Nakayasu, the result is smaller than the existing calculations, the 2-year return period calculated by the method of 
Nakayasu was 301.658 mm3, while the results of previous calculations 790.078 mm3. This large difference strongly 
influences the planning, both in terms of cost and technical terms. 
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INTRODUCTION 
Background of study 
 
 The river has always had a close relationship 
with our day to day. It can be used as power plants, the 
river can also be used as a source of water for 
irrigation, water supply, industry needs, and so forth. 
In South Sulawesi, including the District 
Tamalanrea, floods occur almost every year. Therefore, 
there should be various ways to control floods, such as 
the flood discharge arrangements, normalization of the 
river, making the embankment, and so forth. Flood 
discharge rate should be used in planning the building 
of water is an important figure and the figure is called 
design flood discharge.  
District of Tamalanrea has the potential of 
natural resources are good enough to be managed and 
developed from a variety of sectors, particularly 
agriculture sector such as food crops, fisheries, 
irrigation, and estates to improve the welfare of local 
communities. Tello River drainage area (RDA) with 
the Tello river as the main river has a wide area of 
627.8 km2 with a total length of 76.73 km of the river. 
In the district of Tamalanrea, there is an irrigated rice 
covering 12 700 ha which the main water source is the 
River Tello. 
To anticipate any problems, it is necessary to 
do a study aimed at identifying the overall 
development of water resources and flood prevention.  
The district of Tamalanrea has a total area of 
161 912 km2 and is divided into 12 administrative 
districts with 80 villages and 23 urban villages. Tello 
River drainage area (RDA) is administratively located 
in the district Tamalanrea of South Sulawesi Province. 
District of Tamalanrea is geographically located at 
coordinates 04045’45 - 50007’30’’ South latitude and 
119020’15’’ – 129012’11’’ East Longitude. 
Based on the Map of Rupa Bumi Indonesia 
issued by Bakorsurtanal scaled of 1: 50,000, the 
highest peak in Tello River drainage area (RDA) with a 
height of 1.657 m above sea level. Topography consists 
of gently sloping land area until it has a slope of hills 
or slopes varied terrain is 22% - 55% hilly very sharp, 
14% - 20% hilly undulating or sloping, 6% - 13% 
wavy or crooked, and 0 - 5% flat or nearly flat or 
gently sloping. 
Hydrology conditions of an area can be 
determined by looking at the rainfall stations and 
station climatology. Climatological data includes 
temperature, wind, length of exposure, air pressure, 
humidity, evaporation and evapotranspiration. While 
on the hydrological characteristics of a region is 
determined mainly by geological and climatic 
circumstances that have an important role in the 
determination of these characteristics. The climatic 
factors that make up the hydrologic characteristics of a 
region including the amount and distribution of 
precipitation (rain), the influence of wind, temperature 
and moisture to evaporation. 
Generally, the rainy season ranges from 
November to March. The average rainfall ranges 
between 1500-3500 mm per year in which nearly 30% 
of this amount falls in the rainy season and the peak 
occurred in December and January while the driest 
period occurs from June to September. 
Hydrological characteristics of a region is 
determined mainly by geological and climatic 
circumstances that have an important role in the 
determination of these characteristics. The climatic 
factors that make up the hydrologic characteristics of a 
region including the amount and distribution of 
precipitation (rain), the influence of wind, temperature 
and moisture to evaporation. Rainfall data used were 
obtained from several stations located adjacent to the 
watershed based on the areas reviewed. The more the 
amount of rainfall data affecting the site and the more 
the amount of rainfall data collected will increase the 
accuracy of the analysis results. 
Based rainfall data from the data recording 
rainfall stations that exist: 
1. Batu Bassi station located in the Bantimurung 
district of Maros regency with location of the position 
05° 04' SL - 119 ° 45' EL. 
2. Puca station located in the Bantimurung district of 
Maros regency the location of the position 05 ° 8 '52 " 
SL - 119 ° 40' 25.6" EL 
3. Malino station located in the Tinggi Moncong 
District of Gowa regency with the location of the 
position 05 ° 15 '25 "SL - 119 ° 55' 15" EL. 
While the water level data are based on automatic 
water level recorder tool (AWLR) located on the lower 
reaches of the Tello River where the Puca  village 
situated precisely the location of the position 05 ° 08 
'19.7 "SL - 119 ° 38' 28.9" EL. The amount of data 
taken between station rainfall and water level ranges 
from 1985 - 2008 or 24 years. 
Geomorphology of the area generally in the 
form of undulating hills and flooded the land flowing 
with streams located along the main Tello  river as a 
control-flow patterns in the region by the valley 
resembles a U shape, the river also has a bend in the 
stream segment. Based on Regional Geology map 
issued by Bandung Technology Institute, the growing 
of geological structure of the Tello is a fracture (fault) 
which is trending Northwest-Southeast and Northeast-
Southwest. 
Literature Review 
According Sosrodarsono, et al (1994:1), the 
river is mostly rainwater that falls to the ground, flows 
to places of lower and after experiencing a variety of 
resistance due to gravity, eventually overflow into the 
lake or the sea. While Soewarno (1991: 20) argues that 
the river is etched on the surface of the earth which is 
the reservoir and distributor of natural water flow and 
the material brought from the upper to the lower 
reaches of a drainage area to a lower place, and finally 
empties into the sea. According to Japanese law of 
River Engineering (Sosrodarsono 1994:1), describing 
the river basin as follows: "(1) An area where there is 
water flowing continuously, and (2) an area of 
topographical conditions, the state of the plant and 
other circumstances similar to the areas where there is 
water flowing continuously (including the creek, but 
excluding the areas that are only temporarily satisfy the 
above condition, caused by flood or other natural 
events ) ". River morphology is the study of geometric 
or size,  type, and the behavior of the river, as well as 
the characteristics of the river and all aspects of the 
discussion on the dimensions of space and time. 
According Sosrodarseno, et al (1994:4), these 
properties strongly influenced by the broad river and 
the drainage area and slope shape. Location of 
watercourses in the drainage area lukewarm mainly 
determined by local circumstances. As we all know the 
river is a drainage channel that is formed naturally. 
However, in addition to its function as a drainage 
channel and the presence of water flowing in it, the 
river eroded its base soil is continuously formed 
throughout the period of its existence and river valleys. 
Soewarno (1991: 20) defines a drainage area 
of the river as the area where the river is getting water 
catchment rainfall.  is the boundary line between the 
back surface of the earth that can separate and divide 
the rain water into the surface Alixan respectively. 
Upstream part of a River Conveyance area (RCA) is an 
area that controls the flow of the river and become an 
integral part of the region downstream of the receiving 
stream. 
According Soewarno (1991: 1), hydrology is a 
science that studies on the incidence, the velocity and 
the spread of water in the atmosphere and the Earth's 
surface and beneath the earth's surface. According to 
SNI. 1724 - 1989 - F, hydrology is defined as the study 
of the incidence of water in the system, on the surface 
and in the soil. According Soewarno (1991: 1), the 
movement of water on earth in general can be 
expressed as a series of incident which is usually called 
the hydrologic cycle. Hydrological cycle is a closed 
system, in the sense that the movement of water in the 
system always remains in the system. Hydrologic cycle 
consists of six sub-systems, namely: 1) water in the 
atmosphere, 2) overland flow, 3) subsurface flow, 4) 
ground water flow, 5) the flow of rivers or open 
channels, 6) water in the oceans and water puddles 
The average data of rainfall zone is required 
in any analysis of hydrology, especially to calculate the 
design flood discharge at a watershed. For it is 
generally desirable rainfall analysis are data on average 
rainfall catchment (catchment area). According Suripin 
(2000:26), data obtained from rainfall gage is the rain 
that occurs only at one place or point only (point 
rainfall). Given the highly variable rainfall of the place, 
then for a large region, a rainfall gage has not been able 
to describe the rain area. In this case the necessary rain 
derived from the average value of a few rainfall gage 
stations in the area and around the area. Based on 
rainfall data that occurs in each rainfall station around 
Tello River such as Batu Bassi station, Antang Station 
and Panaikang Station showed that rainfall occurs in 
the entire region is uneven, so the average rainfall 
region must be computed by using the Thiessen 
polygon method. Thiessen polygon method is 
determined by making a polygon between the rainfall 
post of a region of a high RCA and the average rainfall 
is calculated from multiplying the number of each 
polygon area and dividing the rain level by throughout 
of the RCA. For the calculation of the rainfall with 
Thiessen polygon method can be calculated by the 
following equation: 
R average=   A1.R1 + A2.R2 + … + An.R................... 3.1 
                       A1 + A2 + …. + An  
Where as : 
R average =  average rainfall (mm) 
A1,A2,….An = polygonal areas 1, 2, ..... n ( km2 ) 
R1, R2 ,… R= Rainfall observations points 1,2,...,n 
(mm) 
n = the number of rainfall gage post 
According Sosrodarsono (1993: 31), the important of 
plan and design making is the distribution of rainfall. 
The distribution of rainfall is different according to the 
period under the annual rainfall review (amount of 
rainfall in a year), monthly rainfall (amount of rainfall 
in a month), daily rainfall (amount of rainfall in 24 
hours), rainfall per hour. As for the discharge data are 
taken by high water levels that occurred in the Puca  
village by Automatic Water Level Recorder (AWLR). 
In this study the data obtained are the daily rainfall data 
and water level. The values which obtained may be 
used to determine the future prospects and finally to 
the design in accordance with the intended purpose. 
There are several methods for estimating the 
distribution of events with a certain frequency. 
Analysis of the distribution is often used in the 
maksirnum rainfall and maximum discharge 
calculation are: a. Normal distribution, b. • Log Normal 
distribution, c. Type III of Pearson distribution, d. type 
III of Log-Pearson distribution, and, e. Gumbel 
distribution. 
Furthermore, the calculation of  design discharge in 
this study  used Hidrograf Force Synthetic Methods 
Nakayasu. 
l. Synthetic methods of Nakayasu Hidrograf 
According Soemarto (1999:100), Nakayasu from Japan 
has been investigating hidrograf units in several rivers 
in Japan 
 
ANALYSIS AND DISCUSSION 
The rain gauge data 
In the analysis of rainfall, the calculation based on 
rainfall data taken from rainfall monitoring stations 
located in the Tello Watershed: 
1. Panaikang station 
2. Antang station 
3. Batu Bassi Station 
The data from rainfall monitoring stations used in 
analyzing the design rainfall would be the references  
in determinating the flood discharge. Rainfall analysis 
is intended to see a form of distribution of events 
during the observation years, then the amount of   
rainfall distribution for each return period can be 
determined. To make the analysis from the rainfall 
monitoring stations, Log Pearson Type III method with 
a return period of 2, 5,10,20,50, and 100 years old can 
be used. The rainfall data that the writers use in this 
paper is the converted maximum daily rainfall data 
which is based on the ratio of each station. 
Rainfall region analysis  
The yearly average rainfall data calculated 
using the Thiyssen Poligonal Method on nearly rainfall 
monitoring posts from the observation area of Tello 
watershed based on the polygon line drawing to obtain 
the influence average area of rainfall stations, as in 
table 4.1 and figure 4.3 the following: 
Table 4.1 Ratio of Influence area of Tello Rainfall 
station   
Sources: Calculation result  
The results of the coefficient ratio is used to calculate 
the maximum average rainfall in each station region. 
From the average of the stations are then selected the 
highest annually rainfall. The annual rainfall data 
selected is the maximum rainfall in the Tello watershed 
and can be seen in Table 4.3 below: 
Table 4.2 the average of Maximum daily rain 
precipitation Tello RCS 
 
 
 
No 
Rainfall 
Station 
Region area 
coef. 
Km2 
1 Panaikang 86,52 0,312 
2 Antang 128,5 0,464 
3 Batu Bassi 61,94 0,224 
Total 276,96 1,00 
No Year 
Regency rainfall 
average 
 (mm) 
1 1987 146,92 
2 1988 151,632 
3 1989 157,704 
4 1990 198,512 
5 1991 164,416 
6 1992 119,232 
7 1993 102,408 
8 1994 104,168 
9 1995 169,288 
10 1996 117,184 
11 1997 140,896 
12 1998 127,824 
13 1999 127,04 
14 2000 105,144 
15 2001 201,28 
16 2002 141,824 
17 2003 197,84 
18 2004 158,384 
19 2005 151,096 
20 2006 136,112 
21 2007 140,872 
22 2008 191,36 
23 2009 145,672 
24 2010 134,544 
The above calculation result of the maxsimum rainfall 
that will be used for design rainfall analysis. 
4.1.3. The Analysis of Statistic parametres 
As pointed out earlier that frequency analysis can be 
performed when the rainfall station recording datas of a 
relatively long series observations have been obtained, 
the rainfall frequency analysis was performed with a 
data length of 24 years. 
The statistical parameters of a new data series which is 
analyzed and calculated are the average value (x ̅), the 
standard storage (SD), coefficient of variation (Cv), the 
asymmetry coefficient (Cs), the coefficient of kurtosis 
(Ck) and the price of natural longitudinal Ln x ̅ (L x ̅), 
Ln Sd (LSD), Ln Cv (LCV), Ln Cs (LCS) and Ck 
(LCK) 
Then calculated using the statistics as follows:  
• Standard deviation (Sd) = 29.201 
• Coefficient of Variation (Cv) = 0.198 
• skowness coefficient (Cs) = 0.417 
• The coefficient of kurtosis (Ck) = 2.880 
 
Natural Longitudinal statistical calculations (Ln) of 
rainfall is: 
• Average Ln (X) = 4.973 
• Sd (Ln X) = 0.198 
• Cv (Ln X) = 0.040 
• Cs (Ln X) = 0.012 
• Ck (Ln X) = 2.786 
For the calculation of statistical parameters can then be 
viewed in table 4.4 below: 
Table 4.3. Parameter Calculation of Statistics 
 
From the above statistics parameter analysis shows that 
only the distribution of Log Pearson Type III method 
that meets to  the Tello River design flood discharge.   
4.1.5. The analysis of rainfall Frequency 
 Based on the calculation of statistical parameters on 
the distribution of the  methods, only Log Pearson 
Type III method are used in accordance with the 
statistical parameter analysis criteria for the selection 
of two types of rainfall distribution. It is adjusted based 
on the analyzed statistical parameters. According to Sri 
Harto (1993) {log Pearson type III method best used to 
analyze the frequency with the accuracy of the rainfall 
data approximately  66% compared with the other 
methods that have only ± 33% accuracy of data. 
The design rainfall (XT) with Log Person Type III Can 
be seen in Table 4.6 below: Table 4.5. The design 
rainfall with Log Pearson Type III method 
From the table 4.6 above, the values of  log x ̅ 
obtained, standard deviation (S) and coefficient of 
skewness (G) and the values used to calculate the 
design rainfall is based on a specific return period 
using the equation (3.10). A sample calculation for 2-
year return period with a value of G = - 0.05 
XT = log log x ̅ + (G * S) 
Log X2 = 2.162 + (-0.017 * 0.086) 
X2 = 143.924 mm 
Further calculations can be seen in Table 4.7 below:. 
The design rainfall calculations result 
 
4.1.6 The Test Match of the distribution of rainfall 
frequencies  
The Chi Square Test  
   P = m / (n + l) 
 where: 
F P = probability Opportunities 
n = Number of data 
m = number of data sequence 
Sub groups: 
K = l +3.22 log (n) 
K = 5.4 ≈ 5 sub groups 
Then divided into subgroups of datas, such as in Table 
4.8 below: 
• The degrees of freedom (Dk) = 2, the confidence 
level of 5% of the obtained price X2 Cr = 5.991 
• From the calculation results obtained X2 = 0.167 
hit 
• Due to hit X2 <X2 Cr then, the Chi is acceptable 
 
Design Flood discharge Analysis HSS Nakayasu 
method 
 
Table of  Average Hourly Rain calculation Up to T 
(Rt) 
Jam Rt 
1 
2 
3 
4 
5 
6 
0,550 
0,347 
0,265 
0,218 
0,188 
0,167 
Obtained datas on AWLR a water level (H) which is 
daily recorded, discharge datas that is used is a random 
collection of data that can represent each year are 
sorted from the smaller up to the greater 
 
The water level data is converted to discharge using 
discharge curve (rating curve) and the basic data used 
for planning all of the water building, a good quality of 
discharge datas is required.  
Based on the discharge curve that is shown 
above, then resulting the polynomial regression 
equation. The regression polinomial equation obtained 
used statistical methods with the purpose that there is a 
relationship between two variables; flood discharge (Q) 
as X axis and the water level (H) as the Y axis is 
expressed as a mathematical formula to the following 
equation: 
Y2 X = 61.460 Y-34.965 + 11.107 X 
So that the regression equation (X) is an 
equation for predicting Tello river flood discharge with 
substitution of value (Y) as the water level. ' 
 
The examples of Calculation for water level 2.07 m 
X = 61.460 (2, 07) 2 - 34.965 (2.07) + 11.107 
X = 202.079 mi / DRK 
Table 4.14 Data Based Debit High Water Front 
 
This data was used to calculate the flood discharge 
with return period 2.5, l0, 20.50 and 100 years with the 
method or the same parameters used in calculating the 
rainfall station datas. Based on the discharge data 
which has been obtained and calculated using the same 
method use by the rainfall station datas, so that, the 
design flood discharge could be obtained: 
Table 4.15 Design Flood Discharge Based on AWLR 
Data 
 
From the calculation result of design flood discharges 
analysis above, which is involved a big differences or 
dispute, this is caused because during analyzing the 
data of rainfall stations, there are many highly 
influential parameters and other factors such as the 
coefficient of runoff, but it may be also influenced by 
the obtainable datas between the rainfall stations datas 
and AWLR, because the measurement is done with the 
involvement of humans in recording the measurement 
results periodically, resulting in a large discharge. 
 
4.3. The Comparison between the Old and New 
Calculation 
Having done some calculations using severe Flood 
discharge method resulting a bigger analysis  compared 
with the results of existing analyzes. The comparison 
of the design flood discharge analysis result with 
existing analysis results can be seen in the table below: 
 
Table 4.16. The comparison between  the review 
results existing Source: 
 Calculation Result 
From the analysis of the calculation of design flood 
discharges above, there are considerable differences. 
This is because the Nankayasu method assumes that 
the occurrence rainfall not only on the surface, but the 
infiltration occur based on the method of Nakayasu 
hidrologi. So that, the Nakayasu method also calculate 
the amount of  rain that enters the ground or calculating 
the effective rainfall. the large differences affect 
influenced the stats of cost and resources. 
Conclusion 
A. Based on the analysis of design flood 
discharge on the Tello Basin, the conclusions 
are that by using the method of Nakayasu the 
flood discharge obtained is smaller than the 
existing flood discharge planning , while the 
results of existing analysis using Gamma 
Method 1. Discussion of the results can be 
seen below: 
• Review results with the method of 
Nakayasu: 
2 years: 301.658 mm 
5 years: 355.975 mm 
10 years: 388.998 mm 
20 yrs: 414.743 mm 
50 yrs: 455.977 mm 
100 years: 482.820 mm 
 
• Analysis of the Existing results with Gamma 
Method 1: 
2 years: 790.078 
5 years: 885.590 
10 years: 990.900 
20 yrs: 1028.253 
50 yrs: 1050.465 
100 years: 1089.106 
 
2. After doing the calculations using the 
method of Nakayasu, then the analysis result 
which is obtained are smaller than the existing 
analytical results, is due to several reasons: 
- The method used is different from the results 
of previous studies. 
- The results of previous studies on the share 
of each sub-basin, while the result of a review 
is reviewed from upstream to downstream. 
5. 2 Suggestions 
1. After conducting an analysis using several 
different methods to the analysis that has gone 
before in the calculation of the design flood 
discharge, there is a difference in the value 
affecting planning in terms of both cost and 
from a technical point. In performing 
calculations of rainfall or the design flood 
discharge should not, use one or two methods 
alone, but should use several methods exist to 
produce more accurate results. 
2. In flood discharge calculations, should be calculated 
based on the measures undertaken in accordance with 
the method so that the discharge results are not too far 
from the existing analyzes results. 
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